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allele: Satb2:Cre-expressing neurons are now found in an aberrant lateral position closer to the termination zone of CGRP+ peptidergic nociceptive afferents, they lose input from proprioceptive neurons, and they make a sparse number of aberrant output contacts on cells dorsal to the V2a interneuron population. In addition, transcription factor expression in these neurons is altered: while there is no change in Ptf1a and Lbx1 expression, there is altered expression in Pax2, Bhlhb5, and Ctip2 ( Figure 1B ), suggesting that these cells are not just aberrantly localized, but also changed in aspects of their molecular identity. Future studies will help clarify the molecular mechanisms by which Satb2 expression instructs cell fate and position. How the lateral ''move'' of the Satb2-expressing cells contributes to the behavioral phenotypes is still unclear. Do the phenotypes arise from new circuitry or from the loss of the wild-type ISR Satb2 cells? Experiments aimed at silencing ISR Satb2 neurons might help distinguish these possibilities.
Summary
While the study of the nociceptive withdrawal reflex has a long history in neuroscience, the questions raised by this most recent contribution are as contemporary as ever. How much variation can be found in a pool of developmentally related interneurons, and how is this diversity established? Is circuit connectivity determined by the lineage and molecular profile of a neuron, or does it more reflect the neuron's position relative to a projection target zone? How are multiple sensory streams coordinated into singular behavioral outputs, and how do single interneurons or microcircuits contribute to multiple behavioral outputs? And what are the computational strategies at the level of single cells that support such convergence of input or divergence of output? The work of Hilde et al. (2016) simultaneously advances our understanding and raises fascinating questions. With Satb2 as a genetic handle for an involved population of interneurons, we now have an entry point for modern circuit cracking of the nociceptive flexor withdrawal reflex.
In this issue of Neuron, Redmond et al. (2016) identify junction adhesion molecule 2 (JAM2) as an inhibitor of somatodendritic myelination in spinal cord neurons, thereby elucidating how myelin forms on axons but avoids dendrites and cell bodies.
During the development of the central nervous system (CNS), oligodendrocyte precursor cells (OPCs) undergo a highly coordinated maturation process resulting in the ensheathment of multiple axons in compact multi-lamellar structures, termed myelin. The segmental wrapping of axons facilitates enhanced propagation of action potentials by providing increased interaxonal resistance, decreased membrane capacitance, and ordered segregation of ion channels at Nodes of Ranvier. In addition, recent work suggests that oligodendrocytes serve as key sources of metabolic support for axons (Simons and Nave, 2016) . As a result, disruption or malformation of myelin is highly relevant to many neuropathologies, such as multiple sclerosis (Hughes and Appel, 2016 In this issue of Neuron, Redmond et al. (2016) tackle these questions and reveal a novel role for junction adhesion molecule 2 (JAM2) as a myelin repulsion molecule. They provide evidence for a model in which JAM2 surface expression in the somatodendritic compartment of spinal cord neurons (SCNs) inhibits the local formation of myelin through interaction with an unidentified receptor on oligodendrocytes ( Figure 1) . Historically, oligodendrocytes have been known as eager myelinators that will readily form myelin sheets in culture, even on glass coverslips, and can myelinate inert objects such as polystyrene nanofibers (Hughes and Appel, 2016) . Therefore, oligodendrocytes do not appear to require inductive signaling from axons to commence myelination. However, when cultured with neurons, and in vivo, myelin is strictly segregated to axons, suggesting that while myelin genesis is an intrinsic feature of oligodendrocytes, extrinsic myelin guidance cues must exist to prevent improper somatodendritic ensheathment. Redmond et al. (2016) explored the nature of these potential guidance cues by co-culturing rat primary SCNs with OPCs. Normally, when co-cultured, OPCs differentiate and exclusively myelinate axons. However, when the authors pre-treated the neurons with the cross-linker paraformaldehyde (PFA) to disrupt neuron-oligodendrocyte signaling, not only were axons myelinated, but dendrites and even some SCN somata were ensheathed. These results suggested that an inhibitory signal on the somatodendritic compartment may have been interrupted by the cross-linker.
To identity somatodendritic-specific myelin inhibitory signals, they conducted next-generation RNA-sequencing of cultured SCN and dorsal root ganglion (DRG) neurons, looking for genes differentially expressed by the SCNs. They reasoned that since DRG neurons lack true dendrites, they would be unlikely hosts to a somatodendritic inhibitor. Among the candidate inhibitory proteins that they identified, JAM2 caught their attention due to its low expression in DRG cell bodies and high expression in SCN somatodendritic compartments. JAM2 is a member of the JAM family, which are transmembrane proteins involved in the formation of tight junctions. JAM2 has also been reported to have a role in cell adhesion, migration, and metastasis in tumor cells (Zhao et al., 2016) . Intriguingly, when the extracellular portion of JAM2, fused to the Fc region of an immunoglobulin (JAM2-Fc), was introduced into cultured oligodendrocytes, they found markedly higher JAM2-Fc binding to myelin basic protein-positive (MBP+), myelinating oligodendrocytes relative to OPCs. This result suggests that the surface expression of a JAM2 receptor could be upregulated during OPC maturation, as would be expected from a regulator of myelination.
Redmond et al. also provide compelling evidence for JAM2 modulation of oligodendrocyte myelination in vitro. When OPCs were plated onto an array of micropillars, they formed myelin; however, when the micropillars were coated with JAM2-Fc, myelination was reduced by 86%. Importantly, there were no changes in OPC or oligodendrocyte density directly adjacent to the micropillar array, suggesting that, unlike many previously discovered regulators of myelin, JAM2 is an inhibitor of myelination without affecting OPC differentiation, proliferation, or migration. However, due to technical limitations, they were unable to examine the cell density directly at the micropillar array. Therefore, local changes in OPC differentiation or adhesion cannot be ruled out.
Myelinating SCN/OPC co-cultures were also affected by JAM2 manipulation. Introduction of soluble JAM2-Fc inhibited myelin formation in cultures from wild-type (WT) mice, yet culturing SCNs isolated from JAM2 knockout (JAM2-KO) mice with WT OPCs resulted in an increase in the myelination of somatodendritic compartments. However, the increase in myelinated dendrites in JAM2-KO mixed cultures was modest compared to the increase in dendritic myelination previously noted in SCNs treated with PFA. This difference suggests that there may be multiple inhibitory elements localized to somatodendritic compartments.
In vivo analysis of JAM2-KO mice also supports the hypothesis that JAM2 serves as an inhibitor of somatodendritic myelination, although, similar to the in vitro findings, results from the JAM2-KO mice suggest that there are other myelin inhibitory molecules. Redmond et al. examined the dorsal horn of JAM2-KO mice, since the myelin in this region is relatively sparse, facilitating their ability to evaluate individual myelin segments. Strikingly, they found a significant increase in MBP+ structures surrounding neuronal somata relative to control, with 72% of JAM2-KO hemisections containing more than one ensheathed soma compared to 16% in WT. Additionally, the investigators discovered that the wrapped soma were exclusively positive for the inhibitory neuron marker, paired box gene 2 (PAX2). This result indicates that JAM2's role in myelin inhibition may vary by neuronal subtype, and that other inhibitory signals likely contribute to somatodendritic myelin guidance. To fully understand JAM2 inhibitory signaling, a wider survey of myelin in the spinal cord and brain of JAM2 KO mice is required. Of course, such a study is technically challenging given the density of myelin in many regions of the CNS, making resolution of individual myelin segments difficult. However, one approach could be to use mice, previously generated by the Chan lab, which exhibit sparse labeling of oligodendrocytes, enabling visualization of the myelin segments from single oligodendrocytes (Chong et al., 2012) .
A question tantalizingly left unanswered by this study is: what affect does the aberrant ensheathment of somatodendritic structures have on neuronal function? Redmond et al. (2016) do note that in the ensheathed somata of JAM2-KO neurons, there was abnormal clustering of neuronal contactin-associated protein (CASPR). Typically, CASPR is found only in the paranodal structures of the Nodes of Ranvier. Previous findings suggest that interruption or improper construction of axonal myelin can cause ion channel mislocalization, impairing conduction and contributing to disease pathology (Faivre-Sarrailh and Devaux, 2013 ). Yet the functional effects of mislocalized paranodal proteins to the somatodendritic compartment are still unknown.
The question of the potential impact of mislocalized myelin on neuronal activity is especially intriguing in the context of synaptic function. If the neuronal soma and dendrites are ensheathed, it is difficult to imagine how synapses would form or function. Redmond et al. did not observe any synaptic markers on the myelinated somata of the PAX2+ neurons; however, they point out that typically very few of these neurons have somatic synapses. Therefore, it is not known whether the wrapping impaired or reversed synapse formation, or if only somata without synapses were targeted. Given the interconnected nature of the CNS, even the abnormal wrapping of a few selective neurons is likely to alter the activity of an entire circuit, possibly resulting in altered cognitive function and/or behavior. Understanding the consequences of JAM2 deletion at the whole-animal level will be fertile ground for future studies.
Interestingly, recent evidence indicates a reciprocal relationship between neuronal activity and myelin formation. Numerous studies have indicated that the firing of action potentials promotes CNS myelin formation. Recently, Gibson et al. (2014) provided convincing optogenetic evidence for activity-dependent myelination in the premotor cortex of mice. In addition, studies conducted in zebrafish demonstrated that manipulation of vesicle release, triggering either synaptic silencing or hyperactivation, results in decreased myelination of affected axons or increased myelin thickness, respectively (Mensch et al., 2015; Hines et al., 2015) . Therefore, one can envision neuronal activity downregulating myelin inhibitors, such as JAM2, to facilitate myelination.
Other avenues for future research include further characterization of JAM2 signaling in the CNS and, likely, the discovery of additional inhibitory myelin guidance factors. While several JAM2 receptors have previously been characterized, the identity of those used by oligodendrocytes remains opaque (Zhao et al., 2016) . Additionally, inhibitory guidance factors may not be restricted to somatodendritic structures. If oligodendrocyte myelination is as intrinsic as it appears, it is likely that unmyelinated cells, such as microglia and astrocytes, express similar inhibitory signals. Furthermore, Tomassy et al. (2014) recently used high-throughput EM analysis to demonstrate that mouse neocortical pyramidal neurons display large variation in the pattern of myelin, exhibiting long stretches without consistent myelination. The regulation of those patterns could be due to differential expression of inhibitory molecules such as JAM2. Clearly, this study has opened up many new lines of inquiry; nevertheless, the identification of a myelin inhibitor that prevents wrapping of the somatodendritic compartment nicely addresses a long-standing impediment to our comprehension of myelin formation. In addition, the results of this study have important implications for treating demyelinating diseases, such as multiple sclerosis, where the promotion of remyelination remains an elusive goal.
The primary visual cortex has a map of multiple visual parameters whose topographic relations remain poorly understood. A new study (Nauhaus et al., 2016 ) reveals a nearly geometric map-topography that coexists within a remarkably precise representation of visual space.
Imagine solving a puzzle that resembles a Rubik's Cube but with faces intersecting each other at different angles and compressed within a 2D sheet. Welcome to the primary visual cortex of primates and carnivores. Within a surface smaller than a credit card, the primary visual cortex is able to map a large number of visual parameters that include 2D spatial position, contrast polarity, ocular dominance, orientation preference, direction preference, and spatial frequency. Each of these parameters is represented smoothly within the cortical map so that neighboring values in parameter space are represented by neighboring regions in the cortex. How can all the different representations coexist without interfering with each other and causing map distortions that compromise vision? A paper in this issue of Neuron (Nauhaus et al., 2016) helps to solve the puzzle by showing that, while the cortical representation of visual space is remarkably precise, not all combinations of visual parameters are equally represented.
The representation of visual space in primary visual cortex of primates and carnivores is divided in columns of neurons that show preferences for different orientations and ocular dominance (Hubel and Wiesel, 1977) . These columns are thought to be properly arranged to cover all possible stimulus combinations for each point of visual space. Therefore, orientation and ocular dominance change slowly throughout the horizontal dimension of the cortex along orthogonal cortical axes (Obermayer and Blasdel, 1993) , as illustrated in Figure 1A . If orientation and ocular dominance were the only visual properties organized in columns, this orthogonal relationship could be enough to describe the organization of all stimulus combinations in the visual cortical map. However, multiple other parameters are also organized in columns, and while the number of columnar systems varies across animals, carnivores and primates have enough of them to keep scientists entertained for years to come.
In addition to orientation and ocular dominance, other map representations have been shown to intersect at orthogonal angles in visual cortex such as spatial frequency and orientation, and ocular dominance and retinal disparity (Kara and Boyd, 2009; Nauhaus et al., 2012; Yu et al., 2005) . However, it is clear that not all parameter combinations can be accommodated with this strategy. The work of Nauhaus et al. (2016) now demonstrates an interesting example of a non-orthogonal map relation. By making multiple injections of Oregon green (a calcium sensitive dye) in the primary visual cortex of macaques, the authors were able to visualize relations among orientation, ocular dominance, and spatial frequency over cortical regions larger than the spatial period of the map, which is 0.5 mm. They show that, at least in non-human primates, spatial frequency and ocular dominance change in parallel along the same cortical axis ( Figure 1B) . Because spatial frequency and ocular dominance have to maintain the same periodicity throughout the cortex, the map cannot represent all combinations of spatial-frequency and ocular dominance equally. The high-quality data obtained by Nauhaus et al. (2016) convincingly show that monocular regions at the center of ocular dominance columns have a preference for low spatial frequencies and binocular regions at the border of ocular dominance columns have a preference for high spatial frequencies. This topographic arrangement indicates that the visual cortical map devotes more neuronal resources to represent binocular stimuli with high spatial frequency than low spatial frequency. It would be surprising if this topographic relationship
